We estimate the effect of Internet on volume of trade in a major distributed mar- with respect to greenhouse gas emissions from fuel economy standards).
Introduction
The goal of this paper is to estimate the efficiency gains from the availability of Internet in a large and active decentralized trading market: the market for used automobiles in California. Access to the Internet drastically reduces the cost of acquiring information, and this potentially improves several aspects of the market. Buyers and sellers can search for each other and be matched with unprecedented ease. Internet may also reduce asymmetries in information between buyers and sellers, helping to overcome the well-known problems associated with adverse selection. Overall, improved access to information can allow more of the potential gains from trade to be realized.
These possibilities are especially relevant today in light of the extraordinary growth in online marketplaces (e.g. eBay and Amazon.com) 4 , as well as online resources that support all forms of trade (e.g. CarFax, Autobytel, Angie's List).
Much of the existing empirical literature on the impact of Internet focuses on changes in the level and distribution of prices. 5 Such analyses are generally concerned with consumer welfare rather than joint surplus (though some also derive implications about the nature of competition). Our aim in this study is to shed light on the magnitude of total welfare gains, making volume-of-trade the relevant economic outcome variable of interest. The empirical literature examining Internet's effect on transaction volume is sparse, and a main contribution of this study is add a credible data point from an important market. 6 The used car market has many features that make it an appealing setting for our analysis. In addition to being very large and active, it is also a market where transaction costs are high and information is costly to acquire and often asymmetric, with potential buyers trying to assess unobserved quality that is known to the seller. 7 Over the last 15 years, several Internet-based resources 4 An ever-increasing volume of goods is now traded in decentralized markets. In 2008, nearly $60 billion of goods were transacted on eBay, and Amazon.com had $20 billion in total revenue. Internet is also a platform for several purely information-based resources. The most relevant is carfax.com, which provides vehicle history reports on used cars, and has all but eliminated the information gap between buyers and sellers. Moreover, the possibility of gathering more information and reaching a broader number of counterparties has substantially increased the surplus generated upon trade.
The market is characterized by prospective buyers and sellers that enter into a costly, two-sided search and matching process. Consumers have heterogeneous preferences over product attributes, in our case automobile characteristics. Hence, a given car has different appeal to different consumers.
The availability of more information and a broader market reduces search costs and favors better matches (i.e. generates matches with higher joint surplus). Each of the potential mechanisms by which Internet would effect a decentralized market-decreased search costs, improved match quality, and less adverse selection-would be similar in at least one important way: they would each increase volume of trade.
To test this hypothesis empirically, we assemble and analyze a detailed dataset that includes countylevel Internet penetration and used car registration and transaction counts during the period 1997-2007 in California. These data allow us to exploit three main sources of variation: (1) differences in Internet penetration over time; (2) differences in Internet penetration across geographical locations; (3) differences in the counts of registered and sold cars across counties and over time. This variation allows us to estimate the marginal effects of Internet penetration on trade volume using a continuous difference-in-differences approach.
Our results show evidence of substantial efficiency gains in the used car market due to the Internet. The cross-sectional unit of interest in this study is the county, and each variable ultimately appears at the county-year level. Car registration and transaction counts were acquired from R.L. Polk, which gathers these data from the California Department of Motor Vehicles. An observation is the total number of cars for each make-model-year that are registered or transacted in a given year, by county. These include both new and used cars, the latter of which may be either dealer or private transactions. We augment these data with car characteristics, which were acquired from Wards
Automotive's Automotive Yearbook. From the R.L. Polk dataset, for each make-model-year we observe the stock and transaction of all cars of each type in each time period t.
In this study, we postulate that services provided via the Internet serve to lower transaction costs in the used car market. As such, residential Internet penetration is the explanatory variable of interest in this study. We hypothesize that widespread use of the Internet by both buyers and sellers decreases the costs associated with buying and selling cars, in particular used cars. We obtained county-by-year Internet penetration from the Current Population Survey (CPS) Supplement Files.
We consider a household to be an Internet user if they respond "yes" to the question "Use Internet at Home?" and any of the similar Internet access questions. These questions appear in the CPS in a subset of years from 1997 to 2007. 8 CPS is weighted to be representative at the state (not county) level, raising the possibility of sampling error affecting smaller counties. We implement robustness specifications (described below) to check for this, and find no evidence that sampling error affects our numerical results. here, the 70 percent increase in the stock of registered used cars, along with a near doubling of the number of distinct models, reflect an increase in the overall quantity of new cars purchased. This explains why, despite the number of used car transactions increasing over these years, the volume of trade as a fraction of total used cars registered declined from 13.5 percent to just below 10 percent over time.
Importantly for our purposes, the residential penetration of Internet use increased three-fold over the decade. The most Internet-intense county in 1997 (Orange County) had only 25 percent penetration, far below its 57 percent level in 2007. By the end of our sample, 17 counties had achieved over 45 percent Internet penetration, and only eleven counties were below 35 percent. This decade also witnessed significant economic growth, population aging, and a doubling in the price of unleaded gasoline. Median incomes rose from $37,000 in 1997 to $53,000 (in nominal terms), while unemployment fell from 9.2 percent to 6.7 percent. Our empirical challenge is to control for these 8 The supplementary Internet questions appear in the CPS in 1997, 1998, 2000, 2001, 2003 , and 2007. 9 The automobile and Internet data sources are described above. The demographic data are obtained from the U.S. Bureau Census and the Employment Development Department of the State of California. Finally, county-level gasoline price are from the Oil Price Information Service (OPIS). potential confounders to separately identify the treatment effect of interest.
Empirical Evidence
In the automobile market, replacement decisions are based on depreciation in quality of goods over time. Each period, consumers assess the quality of the durable good they own. If the gain in utility from updating their holdings, net of prices, exceeds transaction costs, consumers sell their used goods in the second-hand market and replace them with durable goods of the preferred quality. If goods depreciate every period, consumers will never hold onto their durables for more than one period, instead updating to their preferred car quality. 10 Hence, lowering market frictions should induce a higher turnover rate. The resale ratio (i.e. the ratio between number of traded cars and stock for each make-model-year) is a direct approximation of the magnitude of frictions that prevent consumers from replacing their car every period. In a world without frictions, this ratio should be equal to one. Note that the predicted effects are general equilibrium in nature, and that supply and demand curves need not be separately estimated to test the predictions. We concentrate the analysis on equilibrium volume of trade and resale ratio, allowing price to vary on the transition path (Ie. omitting it as a right-hand-side variable).
We test the hypothesis that, ceteris paribus, increases in Internet penetration lead to increases in volume of trade. Support for the hypothesis of interest will be found if higher equilibrium volume of trade is observed within a county during years of high Internet penetration. The non-random diffusion of Internet requires us to control for some important potential confounders. We exploit the panel structure of the data by employing a difference-in-differences specification and non-parametric controls for county and time fixed-effects. Regressors also include observable demographics that vary at the county-year level, such as average income, the unemployment rate, age distribution in the population, and the population level itself. We also include the average price of gasoline to control for the possibility that changes in fuel price affect the volume of trade. The fixed effects control for any residual time-invariant county unobservables and aggregate shocks shared by all 
Subscript c denotes county, t denotes year, and j denotes model type. 11 The dependent variable, We estimate several OLS specifications of equation (1), using the resale ratio as well as count of used cars sold by model as the outcome variable of interest. Table (2 ratio. For these specifications, the coefficient on Internet should be interpreted as a percentage 11 "Model" here is specific to a make and model of a particular vintage (model-year) each year. 12 To address concerns about CPS sampling variation at the county level, we re-estimate eq. (1) on a sample which excludes the smallest ten percent of counties. Point estimates of this robustness check are identical to those reported in Table ( 2), indicating that sampline error is not biasing our results. Column 4 swaps year fixed effects for county fixed effects, and thus uses across-county variation within each time period to strip out any unobserved aggregate shocks. Again, comparing it to the estimates from column 5 provides a natural explanation for the change in treatment estimate.
Using across variation instead of within variation takes out the spurious correlation between Internet penetration and volume of trade that is due to unobservable aggregate shocks over time. Aggregate shocks will include macroeconomic shifts, which are likely an important determinant of used car demand. The Internet coefficient in this specification increases to 0.063, indicating that the inclusion of aggregate time effects absorbs variation that is positively correlated with transaction volume (e.g. economic growth). Thus, it appears important to include both of the controls discussed above.
Column 5 is thus our preferred specification. It displays results that control for county, year, and car fixed effects, in addition to the full array of demographic characteristics. In this specification, when a county goes from no residential Internet penetration to ubiquitous usage, the resale ratio increases 
Conclusion
In this study, we present estimates that quantify the effect that Internet proliferation has had on the efficiency of the used car market in California. Counties exhibiting large increases in Internet penetration also show significant increase in volume of trade in the used car market. On average, Internet increased the resale ratio of used cars in California by 7.2 percent (roughly 120,000 cars annually) in 2007 relative to levels of Internet penetration from a decade earlier.
We remain intentionally agnostic about the mechanism driving these effects. However, three channels stand out as plausible explanations: search costs, match quality, and asymmetric information.
It is likely that the cumulative effect that we measure is comprised of a combination of improvements on these dimensions. Given the large degree of heterogeneity in preferences and product attributes, the search and matching process between buyers and sellers is costly. Internet has the potential to improve market efficiency by reducing the cost of search and by improving the quality of matches.
Another plausible explanation is that Internet helps to eliminate asymmetries in information. Websites such as Carfax.com provide vehicle-specific histories that inform buyers of payoff relevant past events that have traditionally only been available to the sellers (e.g. accident reports and maintenance records). Sellers also voluntary disclose private information online (for example, via text or photos, as described in Lewis 2011) . Whether due to the presence of third-parties or direct sharing of information between buyers and sellers, the Internet has virtually equalized access to information and diminished the adverse selection problem.
The magnitude of the estimated efficiency gains due to decreased frictions are substantial. Joint surplus increases in 2007 by $25 per unit traded as compared to 1997, and the state-wide gain is on the order of $43 million annually. This amount represents a lower-bound of the total welfare gain because it does not include surplus generated by the realization of additional transactions or superior sorting and matching between buyers and vehicles. Further, some benefits are likely to be external to the market. For example, more rapid turnover of the vehicle fleet provides benefits in the form greenhouse gas emissions abatement from fuel economy standards, which apply only to new vehicles. Standard errors in parentheses, clustered at the household level. * Significant at the 0.10 level, ** Significant at the 0.05 level, *** Significant at the 0.01 level.
